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We present the rst results from a study of the quark{gluon vertex function in the Landau gauge. The results
are obtained for quenched QCD with an O(a)-improved Wilson fermion action, at  = 6:0. We discuss plans
for further study, including extraction of a renormalised QCD coupling from the momentum dependence of the
vertex.
1. Introduction
The study of quark and gluon correlation func-
tions on the lattice is emerging as a useful tool
for increasing our understanding of QCD. Stud-
ies of the gluon propagator [1,2] have given valu-
able insight into the phenomena of connement
and dynamical mass generation. The three-gluon
vertex has been shown [3] to provide a method
for determining the running coupling from rst
principles, and preliminary results for the quark
propagator [4] indicate that this will yield useful
information on chiral symmetry breaking. Here,
the methods will be applied to the quark{gluon
vertex.
Studying the quark{gluon vertex on the lattice
gives us yet another way of determining the run-
ning coupling, similar to but independent of the
determination from the 3-gluon vertex, to com-
plement other determinations. It may also pro-
vide input to Dyson{Schwinger equation calcu-
lations, and give insight into the limits of per-
turbation theory by indicating where the non-
perturbative lattice results deviate from pertur-
bative calculations.
2. The vertex function
We can dene the conguration space quark{
gluon vertex function as
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Fourier transforming this gives us the full (unam-
putated) momentum space vertex function:
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and the amputated (OPI) vertex function
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where D(q) =
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(q) is the gluon propaga-
tor.
At tree level, this becomes
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We will also dene the colour-traced full vertex
function
G

(p; q) =
2
N
2
C
  1
X
ij;a
T
a
ij
G
a

(p; q)
ji

(5)
In the continuum, the o-shell amputated ver-
tex function will have the general form
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where all the F 's depend only on the invariants
p
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At tree level, this reduces to 
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this we can see that the form factor containing the
running coupling is F
3
, while all the other form
factors are expected to be nite. F
9
will also be of
interest, since it is related to the chromomagnetic
moment of the quarks,
F
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may be extracted by exploiting the symme-
tries of the problem. First, we isolate F
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We can then eliminate F
7
by imposing an appro-
priate kinematics, e.g. q = q

with  6= .
Finally, we dene the renormalised coupling as
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where Z
 
and Z
A
are the renormalisation con-
stants for the quark and gluon elds, dened by
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where T

is the projection onto transverse elds.
From this, we can compute g
R
(q
2
) at various
 values, and relate this to the running coupling
calculated in other schemes, eg, g
MS
R
(q
2
) or the
lattice 3-gluon coupling [3]. In this connection, it
is worth noting that the matching with g
MS
R
(q
2
)
can be performed entirely within continuum per-
turbation theory [5].
3. Computation and results
In the initial study which we will report on
here, we have so far looked only at the full (unam-
putated) vertex function, in conguration space
as well as in momentum space.
36 congurations have been analysed at  = 6:0
with a lattice size of 16
3
 48. The propagators
have been generated using the Sheikholeslami{
Wohlert action, at  = 0:1432 (corresponding to
m
PS
a = 0:386). The gauge elds and propaga-
tors have been xed to Landau gauge, with accu-
racy
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For the vertex function in conguration space,
the quantity V
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has been calculated. A clear signal has been
found for TrV

and Tr 

V

. The latter is shown
as a function of x
 
and x
A
in g. 1.
Figure 1. Vertex function as a function of
x
 
= (0; y
 
; 0; 0) and dierent values of x
A
=
(x
A
; 0; 0; 0), for 36 congurations, at  = 0:1432.
We have also calculated the `timesliced' vertex
functions
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These both fall o exponentially with t (after an-
tisymmetry in t has been imposed), as one should
expect. Fig. 2 shows 

G

(~p; ~q; t; t
A
) as a func-
tion of t for dierent values of t
A
, while g. 3
shows 

G

(~p; q; t) as a function of t for dierent
values of the momenta.
Tr

G

(p; q) is shown as a function of p =
(0; 0; 0; p
t
) for q = 0 (with  = 3) in g. 4. We see
that there is a clean signal which falls o with p
much the same way as the quark propagator [4].
For non-zero spatial p and non-zero q
t
it falls o,
but remains clean, while for non-zero spatial q it
Figure 2. Zero-momentum vertex function as a
function of time, for dierent values of the gluon
time t
A
.
Figure 3. Tr
3
G
3
(~p; q; t) as a function of t, for
dierent values of ~p and q.
deteriorates so rapidly that no conclusions can be
drawn about its behaviour.
It turns out that 

G

falls o smoothly with p
and q for p = p

(q = q

) with  6= . This is not
the case for  = ; however, the signal here is too
poor to make it possible to draw any conclusions
about the actual behaviour of the vertex function
Figure 4. Tr 
3
G
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(p; q) for q = 0, p = (~p; p
t
), as
a function of p
t
a.
in this case. It may be related to the cos(2p+ q)

term in equation (4), or to the F
4
and F
7
form
factors in equations (6) and (7), but this cannot
be stated with any certainty at this stage.
4. Discussion and conclusions
We have found a clear signal for the quark{
gluon vertex in both conguration space and mo-
mentum space. However, the momentum-space
vertex is still very noisy. This may be either be-
cause our statistics are too low, or because our
gauge xing is not accurate enough. Early results
using gauge xing with an accuracy of 10
 12
, as
well as experience from study of the 3-gluon ver-
tex [3], lend support to the latter hypothesis, but
future work will involve both better gauge xing
accuracy and higher statistics.
5. Future work
When the uncertainties connected with the
gauge xing accuracy have been brought under
control, we will go on to analyse the amputated
vertex. The plan thereafter is to repeat this on a
larger ensemble of congurations at  = 6:2, and
possibly also at  = 6:4. This should enable us to
come closer to a realistic determination of g
R
(q
2
)
from the quark{gluon vertex.
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